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DETERR ININ G PARAM ETERS OF AIRCRAFT WITH VA R IABLE— SWEEP WING

A
A. A. K r~sotkin

One way of creating mu ltinod e aircr aft is to use wing s of

variable sweep. A chan ge in the plan shape of the wing lakes it

possible to change the aer odyna .ic characterist ics of the aircraft

over broad h u t s  and to adj ust it to specific flying condit ions.

In the i~ iUal stage of planning cf an a ircraft with a

variable —s weep wing we lust deter uine the para. eters which

significantly infl uence its outwar d appearance : the plan shape of the

or igisal wing (for equal degrees of sweep in the lead ing edges of the

uoveable part of the wing (PI PW ) and iuuov.a bl~ part (IPW) ) , the

-- •~::;~.
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relative thickness of th€ original wing profile , the ar rangement  of

hinged joi nts over the span, specific icad on the wing, and starting

thrust—to— weight ratio.

A subsonic flow past the leading edges of the wing makes it

possible to best utilize the effect of the swept wing. Thus , u nder

all flying conditions the leading edge of the wing should be withi n

the cone of disturbance from the impingin g flow.

The flight range of the aircroft under cruising conditions L

equals:

(1) L =3 .60 ~~ e~.

where a — is the speed of sound;

k — aerodymanic quality;

N — Mach number of cruising f l ight;

C~~— specific fuel consumption;

— takeoff weight of aircraft;

Ii
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CL — weight of aircraft before landing.

It is determined by two parameters — the range coefficient ~~~~~~, which

describes the degree of perfection of the “aircraft—engine”

a.rodynaaic system and by the term tn~ a, vk.ich describes its degree

Of weight perfection. The criterion for ..tiaating the optimal

combination of the studied parameters with respect to range can be

their prod uct:

(2) L : ~~
N tn~~ Q

where ‘~~ is the criterion of the estimation.

Obviously tAm optimal will be a comb ination of parameters in

wh ich t’ has max ima l value, provided that requirements for the
renam ing flight characteristics of the aircraft are satisfied.

The solution of th. problem is achieved in two stages —

formation ci th. geometry of the original wing and determination of

the o~tiual value s of the studied parameters for th. purpose of

obt&iaing mutant flight range. In the first stag. th. limitation of

Ui• Sweep of the trailing edge is r.lat.d to th. conditions of

possibl. turn in the MPW , creation of niches into which a portion of

the MPW can enter when swee p is increased, an increase in the
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structural rigidity of the wing, a decrease in the aspect ratio, etc.

These features do not make it possible to achieve couplete

optimization in the shape of the original wing in the initial stage

of the project. Rather they influence its original plan shape,

necessary for furt her analytical studies. In the second stage the

solution of the posed problem is reduced to determining the roots of

the following system of equations:

q3) ~~ =o; ~4~,— o ; ~ =0;

and meeting the conditions dictated by requirements for the aircraft:

~ M mo7~; Hnryr ~ H noP~; e.~ ~
where ~&a — relati ve thickness of wing profile in initial position; I!

— relative span of hinged joints, equal to ratio of distance between

hinges to wingspan in initial positions; P — specific load on wing ;

t• — starting thrust—to—weight ratio; Mmi~x — maximal flight number;

— atatic ceiling; e8~ — l.ngth of takeoff—lending strip.

Quantities with the index (T) refer to parameters dictated by

requirements I or the aircraft.

In solving the problem the following assumptions, which have

virtually no effect on the results, can be used:

___________ 
- - ____ 

-________________
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a) Wing area is constant with a change in the position of the

hinge joints and turning of the MPU.

b) The Nach nu~ ber of subsonic cruising f ligh t is below the

critical Mach number by 0.03.

c) Cruising flight occurs at altitudes of H 11 km .

d) In passing through the “thro4t” — tha t portion of the

trajectory where we have altitude gain and acceleration to supersonic

speed — the thrust reserve should exceed drag by 20_250/o.

The following transformations make it possible to express the

range coefficient in the studied parameters:

(1k) KM _ 3.4ZV~~0ç (M)
’ —C C~, Ce0 ~‘ (s i )  ~I flew Ac*

where Cxo in the drag of the aircraft at zero lift; Ge0 — specific

fuel consu mption at H = 0 and N = 0; ~( m; ~~M) — tanctions which

approximate e~igine thrust and fuel consumptio; with respect to Mach

num bers; ~cw; Acw — relative half—perimeter of wing edges in stream,

equal to ratio of perimeter of wing edges to wingspan and aspect

__________ 
- - -- ____________________ —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j
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ratio of wing with compression of the impinging flow considered.

The product 31 ( ~cw Ac* ) can be expressed by the following
dependence :

(5) ~cm~~cw ~2,25~ A ’/1-M2 C03J3

where J3 is the sw eep of the MPW along the trailing edge.
I ,

The drag coefficient, which is in dependen t of the lif t of the
I wing is:

C~0 7p ( I k ~ )( I4 5CM 4) t  7~ 
A C 2 

~

(6) + P ( 7 ~ r t o +7~~~7ro 
~~

where 7p ; £ ; 7. ; 7mr ; ?~~
; 7ro ; ?~oö represent constan t coefficie nts; ~.; ~ 

-

aspect ratio of wi ng and relative thickness of NPW profile in

position correspon d ing to subsonic cruising flight, respect ively;  Aro

— static m oment of horizontal tail unit; Lro — arm of horizontal tail

unit.

In (6) the first and second terms corresponds to the

coefficients of wing resistance, the third — to the resistance

coefficients of the engine nacelles, fuselage , horizontal tail uni t ,

_ _ _ _ _ _
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and ot her elements not considered, respectively. Under subsonic

cruising con dit ions 7.rO.

Now let us look at  the  second term en~~. under the condition
that the takeoff weight of the aircraft is constant, the change in

parameters which affect the weight of the structure or its power

plant introduces a change in fuel reserves. If we represent the

equation of rel ative wei ghts of the aircr a f t in the fo rm of :

G p + G n m +~ i4~~rp 1

and assume that C, Cne~i, t G ,,ocm, then we get:

(7) en g ’ = en

where ~ nep ‘ Gnoc~ represent, respectively, the components of relative

weights which are dependent and independ.~t of the studied

parameters; Ct — relative weight  of fuel;  Crp — relative weight of
disposed load (for military aircraft).

In turn:

( 8 )  ~ nep~~~Np 4 G Mn 1~~ro l Ccy .

where CNp . C s,, •Gro . Cc.y. represent the relative weights of the wing ,

Li _ _ _ _ _ _ _ _ _ _ _
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the mechan ism f or turn in g the N PW. the horizontal tail unit, and the

power plant.

The weight of the var iab le—sweep wing :

(9)

where 0uc~ is the weight  of a wing of f ixed sweep, whose ~d~~ meter s

coincide with the parameters of the variable—sweep wing in initial

position; ~ Gur — i ncrease in wei ght of win g, associated wi tn

structural f ea tu re s  (presence of hinges , niches, reinforce ment ,

et c.)’.

~ Cw’ — tJD GoSnf 2 w COJJn +(f ~~~w) 3 C\J A ucx Go(10) CQ31n (2wC O.i)n t ( 1-fw)CO
~1i] 

P

where flP — calcula ted loa dfactor; 3,~ — relative area of MPW; 3,,’
— sweep of N PW and NPW , res pectively;  C — constant coefficient

which depends on plan shape of original wing.

The limitatio ns imposed on the system (3) are determined by the

possibilit ies of achieving  the maximal  Mach f l igh t num ber an d the

static ceiling, the “throat” passage an d the ta keoff run o f the

aircraft during ta keoff.

LiT.. 
_ _ _
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Th e l imitat ion w ith respect to Mac h num ber:

(11) 2&fl47’JPi0c M p M tT

The l imitation wi th respect to the ceiling (expressed in terms

of limitation on r ela tive air density A):

(12) 1,66 (1)
f~VC~0A ~~ ~(M)~~~

where A~cx is the drop in the polar of the original wing for

The “throat” limitation:

(13) 5580 M(Cx ,no%~LCsmax~ t0 p
~ (M)

where M (Cx max ) is the flight Mach number corresponding to the maxima l

value of the drag coefficient.

The limitation with respect to the ta keoff run  of the aircraf t:

(14) 16P
2g Cy 8u (O.9~to frp ) ’ up

wher e frp is th, f r i c tion  coefficient on the run w ay .

LA
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To elimina te the nonre al valu es of optimums and to n a r r o w  the

ran ge of t h e sear ch , let US limit the fields of studied pa rame ters;

Cucx > 0 ;
1 ’2w >0(15) 1500
I ’E 0 >0

To solve the problem we m ust also have the geometrica l

dependences which describe wing geometry in plan and the arm of the

horizontal tail section in function 2 w.

In Fig. 1 we see the effect of the studied parameters on the

range criterion t. The imposed ]initaticns do not make it possible to

achieve the optimum specific load on the wing.

In Fig. 2 we see the results of solving the problem of

determining the optima l parameters of a long— range aircraft with

va riable—sweep wing.

The possibili ty of adjusting the aerodynamics of the wing to the

specific f light conditions has mad e it possible to increase the load

on the wing up to —700 kgf/m’ an d to increase the rela tive thickne ss

of the original wing profile to 6.3°/~ . In combination with a powe r

plant  of modera te weigh t, determined by the starting thrust—to—weight
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of the aircraf t (t 0 = 0.34) • and a small increase in the w eight of

the wing (AGUr = 0.0144), determined by the position of the hinge d

joints for turning the MPW ( !w 0.58). We can obtain the max imal

flight range characteristic of subsonic aircraft and also meet

requirements for efficient flight at supersonic speeds and landing at

airports with runways of a certain length.

cy C’) 
_____ 

cr C~
)

__________ I ~~~~~~~~~~~~~~ 
— —

~~~~~~~~~~~~~ 
~~~~~ _____

~~~~~~~~~~I?I!I ~I~~~III0 — 
a4 48 _~~~

__  j (I)
40* 008 

~~~~~~~ 

0

Fig. 1. Effect of studied parameters on range criterion. KEY: (1)

“Throat” limitation , (2) Ta keoff l imita tion, (3) kgf/m 2.



~~~~iTI~~~ 1Ii~iTIT~ 
-

~~~
-

~~~~~
- -

1, DCC 0271 PAGE 12

(i) 
~~rs’vc cC~~~,s,wa

(2.) (J)
412 ~~~~~~~~~~ /~~%4’eM’.~ le OeJ9 P’a”o

~ /$Os’c. (q) =

i,,
~ f6~~~~ #I, ~ 610 ~~ (5’)

~ 34~

Fig. 2. Results from soluticn to problem. KEY : (1) Scheme of
aircraf t, (2) Calculation data, (3) Obtained results; (4) ms , (5)
kgf/m~.
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